Laryngeal carcinoma is one of the most common malignant tumors in otorhinolaryngology. Moreover, experimental investigation showed that cancerous inhibitor of protein phosphatase 2A (CIP2A) expressed highly in various cancers. Therefore, we investigated whether CIP2A can regulate the proliferation, invasion and migration by RNA interference in Hep-2 cells and AMC-NH-8 cells and further affect the activation of phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT) pathway. Overexpression of CIP2A was evaluated in tumor tissue and laryngeal cancer cell lines (Hep-2 and AMC-NH-8 cells) by real-time quantitative polymerase chain reaction (RT-qPCR) and western blot assay. In a follow-up experiment, we confirmed that CIP2A siRNA effectively suppressed the cell proliferation at 48 and 72 h, and arrested cell cycle at G0/G1 in Hep-2 cells and AMC-NH-8 cells. The invasion and migration of cell in siRNA CIP2A group were markedly inhibited. Moreover, the experimental results showed that the expression levels of invasion-and migrationrelated genes, including E-cadherin, metastasis-associated gene 1 (MTA1) and matrix metalloproteinases-2/9 (MMP-2/9), were regulated by CIP2A siRNA. Phosphorylation levels of PI3K and AKT proteins were reduced by CIP2A siRNA. Importantly, it suggested signaling through PI3K/Akt as a critical mechanism by which CIP2A siRNA may suppress cell proliferation, invasion and migration in laryngeal carcinoma cells.
Introduction
It is well established that laryngeal squamous cell carcinoma (LSCC) is derived from the mucosa epithelial tissues of the larynx. Approximately 5.7-7.6% of the otorhinolaryngeal carcinoma are confined to the larynx, and squamous cell carcinoma is the most common accounting for 96-98% (1) . It is well accepted that comprehensive treatment based on surgery is the definitive therapy for laryngeal carcinoma patients. The local recurrent and metastasis of lymph nodes usually take place in LSCC. Therefore, surgical treatment, chemotherapy and radiotherapy cannot thoroughly clear the cancer cells (2) . The phonetic function and living quality of patients are severely affected after surgery. Moreover, tumor cells are resistant to chemotherapy drugs and are not sensitive to radiotherapy, which is likely to cause cancer recurrence and metastasize (2) (3) (4) . Therefore, looking for an efficient molecular targeted therapy to improve the survival rate and life quality of patients with laryngeal cancer is very important for clinical treatment.
CIP2A is a human oncogene (5) . A recent study confirmed that CIP2A can promote cell transformation and tumorigenesis via inhibiting protein phosphatase 2A (PP2A) activity towards oncoprotein myelocytomatosis in the oncogene MYC (6) . Furthermore, there is a positive feedback of regulatory pathway between CIP2A and MYC, thus, promoting their expression and cell proliferation (7) . Proto-oncogene MYC is related to a variety of cell functions such as regulating the cell cycle, cell proliferation and cell growth. Therefore, the abnormal expression of MYC can promote cell transformation and tumorigenesis (8, 9) . Downregulation of CIP2A can result in the dephosphorylation of the PP2A target MYC serine 62 and the degradation of MYC protein (6) . Some studies have showed that CIP2A is highly expressed in lung, ovarian, colon and gastric cancer and plays an important role in the occurrence and development of tumors (7, (10) (11) (12) . The results of our previous experiments have shown that the CIP2A expression in laryngeal cancer tissues is significantly increased compared to the adjacent tissues and benign laryngeal tumor tissues. Therefore, the present study investigated whether CIP2A siRNA can impact the invasion and migration of Hep-2 and AMC-NH-8 cells and the mechanisms involved.
Materials and methods
Patients and tissue samples. A total of 45 samples of laryngeal cancer tissues and benign laryngeal tumor tissues surgically removed in First Hospital of Ningbo City were collected from 2014 to 2016. Adjacent normal tissues were also collected as negative controls. Preoperative clinical and pathological follow-up data were completed by all patients. Ethics approval for the study was provided by the Ethics Committee of the Hospital. written informed consent was obtained from the study subjects.
Cell culture. Human laryngeal epithelial cells were obtained from the Cell Engineering Research Center of The Fourth Military Medical university (Xi'an, China) and were cultured in RPMI-1640 medium (Gibco, Carlsbad, CA, uSA) containing 10% fetal bovine serum (FBS), 10 ng/ml epidermal growth factor, 1% insulin (First Biological and Chemical Medication, Co., Ltd., Shanghai, China), 5 µg/ml hydrocortisone (the Third Pharmaceutical, Co., Beijing, China) and 1% penicillin/streptomycin at 37˚C in a humidified atmosphere of 5% CO 2 . Human laryngeal cancer cells (Hep-2 and AMC-NH-8) were purchased from the SuER Shanghai Bio-Tech, Co., Ltd. (Shanghai, China) and cultured in Dulbecco's modified Eagle's medium (DMEM; Sigma-Aldrich, St. Louis, MO, uSA) containing 10% FBS and 1% penicillin/streptomycin at 37˚C in a humidified atmosphere of 5% CO 2 . siRNA transfection. Hep-2 cells and AMC-NH-8 cells were seeded onto 6-well culture plates at a density of 3x10 5 cells/well, respectively. The CIP2A siRNA or control siRNA, both purchased from Shanghai GenePharma, Co., Ltd., (Shanghai, China), were then transfected into cells at 50-60% confluency by using Lipofectamine TM 2000 (Invitrogen, Shanghai, China) following the manufacturer's protocol. After 48 h, the transfected cells were collected and processed for the subsequent experiments. The sequences of siRNA used were: forward, 5'-CCGGAATGCCTACGTTAAGCTATACCTCGAGGTAT AGTTAACGTAGGCATTTTTTTG-3' and reverse, 5'-AA TTCAAAAAAATGCCTACGTTAAGCTATACCTCGAGG TATAGCTTAACGTAGGCATT-3'. The siRNA sequences of the negative siRNA used were: 5'-uuCuuCCCGAACG uGuCGuCACGCCuTT-3'.
CCK-8 assay. Cell viability was evaluated by the CCK-8 assay. In brief, following 48-h transfection, Hep-2 cells and AMC-NH-8 cells were seeded at a density of 4x10 3 cells/well in 96-well plates and incubated for 0, 12, 24, 48 and 72 h. Subsequently, 20 µl CCK-8 was added to each well for another 1-h incubation. The optical density (OD) values were read at 570 nm using a microplate reader (Thermo Fisher Scientific, waltham, MA, uSA). All experimental concentrations were assessed in triplicate.
Flow cytometry. Flow cytometry was utilized for the analysis of the cell cycle. After 48-h transfection, cells were harvested and then fixed in ice-cold 70% ethanol (at -20˚C) overnight. Afterwards, cells were washed with phosphate-buffered saline (PBS) prior re-suspending in DNA staining solution (40 µg/ml propidium iodide, 250 µg/ml RNase in PBS with 2 mM EDTA) for 30 min at 37˚C. Cell cycle distribution was analyzed using a flow cytometer (FACSCalibur; BD Biosciences, San Jose, CA, uSA).
Cell invasion and migration assay.
Invasion and migration activity of Hep-2 cells and AMC-NH-8 cells were measured by a 24-well Transwell chamber coated with or without Matrigel (BD Biosciences) on the upper surface of the membrane with a pore size of 8 µm (Sigma-Aldrich). In brief, the transfected Hep-2 cells and AMC-NH-8 cells (1x10 4 cells/well) were suspended in culture media (100 µl, serum-free) and then placed in the upper Transwell chamber. The lower chamber was filled with medium containing 10% FBS. After 24-h incubation, the cells that had invaded or migrated through the membrane to the lower surface were fixed, stained and counted visually under a microscope (Olympus).
RT-qPCR analysis. Total RNA was extracted from transfected cells, mock cells and non-transfected cells using TRIzol (Invitrogen). Then, 2 µg of RNA was used for cDNA synthesis with a First Strand cDNA kit (Sigma-Aldrich, Munich, Germany), according to the protocol provided by the manufacturer. PCR amplification was executed in ABI 7300 Thermo Cycler (Applied Biosystems, Foster City, CA, uSA), using a SYBR-Green PCR kit (Thermo Fisher Scientific). The PCR cycles were 95˚C for 10 min, followed by 40 cycles at 95˚C for 15 sec, annealing/extension at 60˚C for 45 sec. The primers used for the amplification of the indicated genes were designed using the Primer Express software (Applied Biosystems, Foster City, CA, uSA). Primers used were: CIP2A, forward, 5'-AAAGCGCGGCGAAAGCTAAA-3' and reverse, 5'-GCG TTCGCCTCTGACTTCAC-3' (product: 150); E-cadherin, forward: 5'-ACACTGGTGTGTCCCTCTGC-3' and reverse, 5'-AAGGCTGCAGTGAGCTGTGA-3' (product: 102); MTA1, forward, 5'-CGAGACCGAGTCGCTCAAGT-3' and reverse, 5'-CTGCCTGGTACCGGTTTCCT-3' (product: 131); MMP-2, forward, 5'-CGCCATGTCCACTGTTGGTG-3' and reverse, 5'-TGTGGTCGCACACCACATCT-3' (product: 130); MMP-9, forward, 5'-TGATTGACGACGCCTTTGCC-3' and reverse, 5'-CCGCGACACCAAACTGGATG-3' (product: 114); GAPDH, forward, 5'-CGGGAAACTGTGGCGTGATG-3' and reverse, 5'-ATGACCTTGCCCACAGCCTT-3' (product: 87). Relative expression levels were calculated using the 2 -ΔΔCT method. All experiments were performed in triplicate.
Western blot analysis. Protein concentrations were determined with a BCA protein assay kit (Thermo Fisher Scientific). An equal amount of proteins was subjected to SDS polyacrylamide gel electrophoresis, followed by electrotransfer to a nitrocellulose membrane. Following blockage with 5% skimmed-milk powder in PBS with 0.1% Tween-20 for 1 h, the membranes were probed with antibodies specific for E-cadherin (cat. no. ab76055; 1:800), MTA1 (cat. no. ab 50263; 1:1,000), MMP-2 (cat. no. ab7033; 1:1,000), MMP-9 (cat. no. ab73734; 1:800) (Abcam, Cambridge, uK) and GAPDH (cat. no. AG019 and AF006; 1:2,000) (Beyotime Institute of Biotechnology, Shanghai, China) overnight at 4˚C, and then incubated with goat anti-rabbit secondary antibodies (cat. no. A0201 and A0192; 1:2,500; Beyotime Institute of Biotechnology). The bands were visualized using enhanced chemiluminescence detection kit (Santa Cruz Biotechnology, Santa Cruz, CA, uSA).
Statistical analysis.
The results are presented as the mean ± SD of three independent experiments and the data were processed with SPSS 13.0 software. Survival analysis was used in the analysis of information on laryngeal cancer patients. Data for multiple comparisons were subjected to one-way ANOvA and Chi-square test. P<0.05 was considered statistically significant.
Results
Upregulation of CIP2A in laryngeal cancer tissues and laryngeal cancer cell lines is associated with poor survival of laryngeal cancer patients. First, 45 laryngeal cancer tissues and their adjacent normal tissues were collected, the CIP2A expression in laryngeal cancer tissues were then detected by RT-qPCR and western blot analysis. Intensive expression of CIP2A was found in laryngeal cancer tissues, compared with adjacent normal tissue ( Fig. 1A and B ). In addition, a univariate survival analysis suggested that the survival rate of patients with high expressed CIP2A and the survival rate of patients with low expressed CIP2A in 300 days were similar. As time goes on, the survival rate of patients with high expression of CIP2A was decreased (Fig. 1C) . we investigated the correlation between CIP2A expression and clinical pathological features of the patients with laryngeal cancer. Examination of the correlation between CIP2A expression and clinical pathological features showed that there was a positive correlation between increased CIP2A and TNM staging ( Fig. 1D and Table I) . upon further experiments, we found that CIP2A was highly expressed in laryngeal cancer cell lines including Hep-2 and AMC-NH-8 cells compared to normal by RT-qPCR and western blot analysis ( Fig. 1E  and F ). It showed that CIP2A is obviously expressed in laryngeal cancer tissues and cells. Fig. 2A and B , the interference efficiency was identified by means of RT-qPCR and western blot analysis after CIP2A siRNA transfection of Hep-2 and AMC-NH-8 cells. The CIP2A expressions were blocked using RNA interference.
Change in cell proliferation and cell cycle on CIP2A siRNA transfection of Hep-2 and AMC-NH-8 cells. As shown in
CCK-8 results showed that the cell viability was significantly inhibited after CIP2A siRNA transfection of Hep-2 and AMC-NH-8 cells for more than 24 h ( Fig. 2C and D) . After CIP2A siRNA transfection of Hep-2 and AMC-NH-8 cells for 48 h, cell cycle distribution was then analyzed using flow cytometry. As shown in Fig. 2E and F, Hep-2 and AMC-NH-8 cells were arrested in G0/G1 phase. It showed that CIP2A interference significantly inhibited cell proliferation and affected cell cycle distribution.
siRNA-CIP2A suppresses the invasion and migration of Hep-2 and AMC-NH-8 cells.
Cell motility is an important factor regulating cancer metastasis, consequently, the effect of siRNA-CIP2A on the migration and invasion abilities of Hep-2 and AMC-NH-8 cells were investigated by Transwell assay. Consistently, as presented in Fig. 3 , the migration and invasion abilities of Hep-2 cells in siRNA-CIP2A group were significantly decreased compared to that of control and mock groups (Fig. 3Aa and b) . Moreover, Fig. 3Ba and b showed that transfection of siRNA-CIP2A resulted in notably weakened migration and invasion abilities of AMC-NH-8 cells. It showed that CIP2A interference inhibits invasion and migration of Hep-2 and AMC-NH-8 cells.
siRNA-CIP2A regulates the expression of E-cadherin, MTA1
and MMP-2/9 in Hep-2 cells and AMC-NH-8 cells. To elucidate the potential mechanism involved in CIP2A-induced cell invasion and migration, the E-cadherin, MTA1 and MMP-2/9 expressions were assessed by RT-qPCR and western blot analysis. Fig. 4 revealed that the E-cadherin expression was significantly increased and the expression of MTA1 and MMP-2/9 was significantly decreased in siRNA-CIP2A group compared to that of control group and mock group in Hep-2 and AMC-NH-8 cells. It showed that CIP2A interference regulates the expression levels of migration-and invasionrelated genes. 
siRNA-CIP2A blocks PI3K/AKT signaling in Hep-2 cells and AMC-NH-8 cells.
After 48 h of CIP2A siRNA treatment, the phosphorylated protein levels of PI3K and AKT in Hep-2 and AMC-NH-8 cells were analyzed by western blot analysis. As shown in Fig. 5 , the relative expression levels of p-PI3K/PI3K and p-AKT/AKT were significantly decreased by CIP2A interference. It showed that CIP2A siRNA inhibits the activation of PI3K/AKT signaling in Hep-2 and AMC-NH-8 cells.
Discussion
CIP2A (also called KIAA1524 or P90) on chromosome 3q13.3, exerts a significant influence on the occurrence and development of tumors (5) (6) (7) . CIP2A can result in tumorigenesis whereby stabilizing the structure of MYC protein (7, 13) . Some researchers showed that MYC promotes cell cycle transfer from G0 to G1 phase and its carcinogenic effect may be cell cycle specific (14) . In our results, CIP2A was highly expressed in laryngeal cancer tissues and cells and was associated with poor survival of laryngeal cancer patients. Besides, the high expression of CIP2A was positively associated with TNM staging. CIP2A interference significantly reduced cell viability. Flow cytometric analysis revealed that Hep-2 and AMC-NH-8 cells of siRNA-CIP2A group were arrested in G0/G1 phase ( Figs. 1 and 2, and Table I ). Therefore, CIP2A
can act as an oncogene and is involved in the occurrence and development of tumors such as laryngeal carcinoma. To further clarify the molecular mechanism of its function in the metastatic process of laryngeal carcinoma, we observed the impact of CIP2A expression with invasion ability and migration ability of Hep-2 cells and AMC-NH-8 cells and the expression levels of related proteins. Tumor metastasis is a key factor influencing the prognosis of laryngeal carcinoma (15) . It has been reported that CIP2A is associated with the staging and grading of tumors, metastasis of lymph nodes, the differentiation degree of tissues and the prognosis of patients (16) . Our research revealed that the interference of CIP2A significant depressed the invasion and migration of Hep-2 and AMC-NH-8 cells (Fig. 3) . The mechanisms which might be involved in the invasion and metastasis of tumors are numerous and need to be further investigated. There are three steps in invasion and metastasis of malignant tumors: adhesion, enzymolysis and movement. Enzymolysis is an essential prerequistite of crossing intercellular substance and the basement membranes of microvessel and lymph vessel in the invasive process (17) . Matrix metalloproteinase (MMPs) is the most important hydrolytic enzyme in enzymolysis process. Among the MMPs, MMP-2 and MMP-9, are known as the key enzymes in the degradation of extracellular matrix (ECM) and the basement membrane (BM) (14) . MTA1 was the first gene found in the family of metastasis-associated genes, and its overexpression has close relationships with invasion and metastasis (18) . E-cadherin can maintain the integrality and polarity of the shape and structure in cell, and its mutation and loss is a pivotal molecular event during the process of cancer development and metastasis (19) . Taken together, this evidence confirmed that E-cadherin, MTA1 and MMP-2/9 play important role in the invasive and metastatic process of tumors. Therefore, we detected the expression of E-cadherin, MTA1 and MMP-2/9 by RT-qPCR and western blot assay. E-cadherin expression was increased and expression of MTA1 and MMP-2/9 was decreased in siRNA-CIP2A group, compared with control group and mock group (Fig. 4 ). It showed that the CIP2A interference significantly regulated the expression levels of invasion-and metastatic-related genes including E-cadherin, MTA1 and MMP-2/9.
Studies have found that bortezomid inhibited PP2Adependent Akt activity via suppressing the activity of CIP2A, and the CIP2A significantly regulated the phosphorylation level of Akt (20, 21) . PI3K/Akt signaling pathway is closely correlated with tumor cell growth, proliferation, invasion and migration. PI3K, as a key signaling molecule, plays important roles in the regulation of diverse cellular processes of cancer. In addition, the phosphorylation level of Akt was much higher during the activation of PI3K/Akt pathway (22) (23) (24) (25) . The activation of PI3K results in a second messenger to be generated that causes the activation of Akt, and then the activation of Akt starts a series of changes, such as decreased cell adhesion ability, change of morphology, the increased cell invasion and migration (26, 27) . In our results, the phosphorylation levels of PI3K and Akt in siRNA-CIP2A group cells were significantly decreased compared to that of control group and mock ( Fig. 5 ). It showed that siRNA CIP2A suppressed the activation of PI3K/Akt signaling pathway.
Based on the above results, the CIP2A interference can impact the cell viability, abilities of cell invasion and migration, the expression levels of invasion-and metastatic-related genes and the activation levels of invasion-and metastatic-related signaling pathway. Therefore, comprehensively, it suggested that signaling through PI3K/Akt is a critical mechanism by which CIP2A siRNA may suppress cell proliferation, invasion and migration in laryngeal carcinoma cells.
